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Abstract
The (g−2) of the muon is well known to be an important model building constraint
on theories beyond the Standard Model. In this paper, we examine the contributions to
(g − 2)µ arising in the Randall-Sundrum model of localized gravity for the case where
the Standard Model gauge fields are in the bulk and the fermions lie either on the
TeV brane or are also allowed to propagate in the bulk. In the case of bulk fermions,
we find that strong constraints, of order 100 TeV, can be placed on the mass of the
lightest gauge Kaluza-Klein excitation for a wide range of the 5-dimensional fermion
mass parameter. The contributions to (g − 2)µ from gravity are also discussed. Our
results suggest that placing the Standard Model fields in the 5-dimensional bulk is
disfavored, unless other new physics is present and cancels these effects.
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1 Introduction
The existence of extra spacetime dimensions has recently been suggested[1, 2, 3] as a means
to explain the hierarchy. In one scenario of this kind from Arkani-Hamed, Dimopoulos,
and Dvali (ADD)[1], the apparent hierarchy is generated by a large volume for the extra
dimensions. In this case, the fundamental Planck scale in 4 + n-dimensions, M , can be
reduced to the TeV scale and is related to the observed 4-d Planck scale through the volume
Vn of the compactied dimensions, M
2
P l = VnM
2+n. In a second scenario due to Randall
and Sundrum (RS)[2], the observed hierarchy is induced through an exponential warp factor
which arises from a non-factorizable geometry. An exciting feature of these approaches is
that they both lead to concrete and distinctive phenomenological tests[4, 5] at the TeV scale.
In addition to collider tests, loop-order processes, such as rare transitions which are
suppressed in the Standard Model (SM) or radiative corrections to perturbatively calculable
processes, can provide complementary information about new physics. One such quantity is
the (g − 2) of the [6]. Currently the SM prediction is approximately 1 higher than that
of the World Average value, with the dierence between the theoretical and experimental
results being aexpµ − aSMµ = (50:5  46:5)  10−10, where a = (g − 2)=2. This corresponds
to a 95% CL upper bound on new positive contribution, aµ, of 1:27  10−8. The E821
experiment at BNL is expected to reduce the experimental error on aexpµ by more than an
order of magnitude during the next few years to the level of 0.35ppm which is below the
current SM theory error of 0.60ppm. The size of the contribution to (g − 2)µ in the ADD
scenario has been calculated in Ref.[7] and results in interesting constraints. In this paper,
we examine this quantity within the RS model when the SM elds propagate in the bulk
with the expectation from our earlier work[5] that rather strong bounds should be obtainable
using existing data. With a ten-fold increase in the experimental precision, these bounds
1
should dramatically improve if no signal for new physics is observed.
In its original construction, the RS model consists of two 3-branes each being stabilized[8]
at an S1=Z2 orbifold xed point with a separation of rc between the branes in an additional
dimension. The model initially postulated that only gravity was allowed to propagate in the
higher dimensional anti-deSitter bulk with the SM elds being conned to a single 3-brane.
The exponential ‘warp’ factor e−krcpi, with k being a 5-d space-time curvature parameter of
order the Planck scale, was thus responsible for generating the observed hierarchy assuming
the scale of physics on the SM brane is pi = MP le
−krcpi ’ 1 TeV with krc  11 − 12.
The usual 4-d Planck scale and that of the original 5-d theory are found to be related via
M
2
P l = M
3
5 =k. Recently, a series of authors[5, 9] have considered peeling the SM gauge and
matter elds o of the wall in the limit where their back-reaction on the RS metric can be
ignored. (There are a number of arguments which strongly suggest that if the Higgs is the
source of electroweak symmetry breaking it must remain on the wall[5, 9].) It is the existence
of these SM bulk elds that allows for a sizeable contribution to (g − 2)µ. In what follows
we use the notation as dened in the last paper listed in Ref.[5].
When the SM gauge and matter elds are allowed to propagate in the bulk, there are
three parameters that need to be specied to determine the phenomenological predictions
of the RS model: c  k=MP l which is expected to lie in the range 0.01 to 1, the common
dimensionless bulk mass parameter for the fermions   m=k, where m represents the 5-d
fermion mass, which is expected to be of order unity, and the mass of the lightest gauge
or graviton excitation. For a xed value of , the entire Kaluza-Klein (KK) spectrum is
determined for all elds once the mass of a single KK excitation is known. We recall that
the KK spectrums for gravitons, fermions, and gauge bosons are related[5] by the roots of
various Bessel functions and that all gauge bosons have the same excitation spectrum. We
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remind the reader that a common value of  for all fermions is not a necessary assumption
but is certainly the simplest choice and the one which naturally avoids constraints associated
with Flavor Changing Neutral Currents.
Note that the limits we obtain below are derived under the assumption that no other
new physics is present beyond what is considered here. As with all bounds obtained via
indirect means, the presence of additional new interactions may cancel the loop eects and
erase the constraints.
2 Standard Model-Like Gauge and Fermion Loop Con-
tributions
The fermion and gauge KK towers can induce a one-loop contribution to (g − 2)µ with an
example being depicted in Fig. 1. The structure of these bulk contributions is essentially the
same as in the 4-d SM except that (i) the photon KK towers can contribute, (ii) one must
sum over the KK excitations, (iii) the couplings must be rescaled appropriately at the various
vertices as discussed in Ref. [5] to take into account the fermion bulk mass parameter, and
(iv) the requirements of the S1=Z2 orbifold symmetry must be satised. To fulll the latter,
we note that all zero modes, including the graviton and the gauge elds in the unitary gauge,
are Z2-even. In particular for an arbitrary gauge, the tower elds associated with the 4-d
components of vector elds are Z2 even, while the remaining 5
th component is Z2-odd[10].
On the otherhand, fermions have both Z2-even and Z2-odd components above the zero mode,
with the usual identication that left- (right-)handed elds are Z2-even (odd). In our analysis
we identify all of the usual SM elds (except, of course, the Higgs) with corresponding zero
modes of the appropriate gauge and fermion towers. Thus in the calculation for (g− 2)µ, all
of the external legs are identied with zero modes and are hence Z2 even.
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Helicity flips play an important role in evaluating the possible RS contributions to
(g−2)µ since muon KK excitations are now propagating inside the loop. As is well-known, for
non-chiral couplings the contribution to the anomalous magnetic moment of a light fermion
of mass m` can be enhanced by a factor of order mh=m` when a heavy fermion of mass mh
participates inside the loop. This results in a contribution of order  m`mh and hence we
must determine which contributions in the RS model yield this enhancement. For example
we rst consider the W tower diagram where an incoming muon converts to a W tower
member, which is Z2 even, and a µ tower member which is now forced to be Z2 even as
well. However, this forces the W couplings to remain chiral so that the contribution to
(g − 2) from such a graph is  m2µ and is not enhanced by internal loop fermion masses.
This same argument applies to the corresponding diagram with the 5th component of the W
eld circulating in the loop which is needed when calculating in an arbitrary gauge. Thus















Figure 1: Feynman diagram for the gauge boson contribution to (g − 2)µ.
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However, the loops involving both the γ and Z KK towers are not chirally coupled
and can lead to signicant contributions to (g−2)µ. We rst note that for an arbitrary gauge,
it is relatively straightforward to see that the diagrams involving the 5th gauge components
of the γ and Z elds are present and are non-zero. Due to gauge invariance, however, we
are free to choose a particular gauge in order to simplify the calculation. Here, we make
use of the  = 0 unitary gauge where the 4-d propagator is simple and the 5-d component
of the gauge eld is no longer physical and thus does not contribute[10]. Hence, only the
loops with the 4-d components of the gauge elds need to be considered. We then calculate
the diagram shown in Fig.1 for a xed set of internal fermion and gauge boson masses mif
and mjA, respectively, with i; j being KK tower member labels. This result must then be
rescaled by a numerical factor [CffA0ij ]
2 which accounts for the deviations of the couplings at
the vertices away from their corresponding SM values in the RS model as discussed in detail
in [5]. Note that these coecients are strongly -dependent. Lastly, we perform the sum
over the tower indices and then combine the individual Z and γ tower contributions. The
sums over i; j extend up to innity but in practice we cut these sums o at a point where
reasonable convergence has been obtained, i.e., i; j < 20− 40.
















where xw = sin
2 w ’ 0:2315, F is a function of the internal particle masses, and the factor
CffA0ij denotes the rescaling coecient at the vertex and is given in Ref. [5]. For m
i
f 6= mjA











with r = 1=(1− q) and q = (mf=mA)2, which reproduces the relevant part of an old result
given in Ref. [11]. If the fermion and gauge boson masses are equal, which can occur in
the RS model when  = −1=2, one nds instead that F = mµ=4mA. In order to evaluate
aµ we need to specify the value of  and the mass of the rst KK excitation of the gauge
bosons or muon. As a quick numerical example of the potential size of this contribution, let
us assume that  = 0 and that the common masses of the rst gauge excitations are 100
TeV. Summing over all KK states we nd that the gauge boson contributions to aµ are
always positive and obtain aµ = 1:90 10−8. This is about a factor of 1.5 greater than the
current 95% CL upper limit discussed above and implies that the masses of the rst gauge
boson KK states must be in excess of ’ 150 TeV when  = 0. This is an extraordinarily
strong constraint on the RS model and exceeds those obtained in our earlier work.
Another SM-like contribution to aµ can potentially arise from a loop involving the
Higgs wall eld and the muon KK tower states. Such a contribution exists as the wall Higgs
eld can couple zero modes to Z2-even excited KK tower states. However, a short analysis
shows that due to the size of the Higgs couplings, which are set by the mass of the zero mode,
mµ, the relative size of the term generated by this Higgs boson loop is extremely small as is
the case in the SM. Hence, this contribution is insignicant in comparison to the dominant
term above from the gauge boson loops.
Before leaving this section we briefly discuss the case where the SM gauge elds are in
the bulk while the fermions remain on the 3-brane. We recall that in this case the couplings
of the fermions to all of the tower gauge elds are enhanced relative to their SM values by
an amount
p
2krc ’ 8:4. Thus, while aµ will remain proportional to m2µ in this case
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(as no heavy KK tower fermions exist), a signicant enhancement can still occur due to the
enlarged values of gauge couplings. Summing over the W; Z and γ towers, the contribution
to aµ in terms of the rst tower excitation mass, m1, is aµ = 1:78  10−9[1 TeV=m1]2,
where we have used krc ’ 11:27. Thus we see that the resulting constraint on the tower
gauge masses is rather weak when the SM fermions remain on the wall.
One may be concerned that there are also non-SM-like contributions to aµ due to
graviton exchange which may be of comparable magnitude and of unknown sign and which
could destroy the strong bound obtained above. We will address this issue in the next section.
3 Graviton Loop Contributions
In the previous section, we considered the corrections to (g−2)µ arising from bulk gauge and
fermion elds. We argued that the typical lower bound on the lightest gauge KK excitation
is expected to be  100 TeV. In the absence of symmetries beyond those of the 4-d SM, we
do not expect to have any large cancellations between these contributions and those resulting
from radiative quantum gravity eects which have so far been ignored.
To perform reliable loop calculations involving virtual exchanges of gravitons, one
needs the correct theory of quantum gravity which is as yet unknown. The eective quantum
gravity theory that is used to calculate the amplitudes for KK graviton exchanges is not a
renormalizable theory and does not provide a proper treatment of loop diagram innities.
However, by using dimensional regularization, it was shown in Ref. [7] that the divergences of
the gravity contribution to (g−2)µ cancel for the case of flat and factorizable extra dimensions
that contain no SM bulk elds. Because we are considering localized gravity models with
a non-trivial bulk eld content, the occurrence of this cancellation of divergences is by no
means obvious, especially since in the RS model, unlike the ADD scenario, all the various
7
KK masses and couplings are complicated functions of the compactied extra dimension and
the parameter . We thus limit our analysis to a cuto-regulated loop calculation in order
to estimate the possible size of the graviton radiative corrections as we do not expect that
the gravity contribution to (g−2)µ will in general cancel that of the bulk SM elds. We will
discuss the eects of this cuto dependence, which turn out not to be severe, in the next
section.
The graviton loop diagrams contributing to (g − 2)µ are displayed in Fig. 2. Two
other diagrams, which are the mirror images of diagrams d1 and d2, contribute with exactly
the same value as d1 and d2 and thus the full contribution to aµ is given by the sum
2(d1 + d2) + d3. Note that since the external legs as well as the graviton are Z2-even, the
5th component of the photon eld does not contribute to the loop in diagram d2. Hence, for
simplicity, we choose to work in the  = 1 gauge for the 4-d photon propagator and thus use
the correct photon-photon-graviton vertex for this gauge as given in Ref.[12].
We denote the loop integral cuto as c, which we expect to be of order pi, the scale
at which the graviton KK tower couplings to matter become strong. Evaluating these three































































































Figure 2: Graviton loop diagrams contributing to (g − 2)µ corresponding to the amplitudes
described in the text.
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1 = 3 = (1− z)m2f + zm2G
2 = zm
2
f + (1− z)m2G + y(m2A −m2G) : (9)
And the various coecients denoted by C are again dened in Ref. [5]. In the next section,
we discuss the relative size of the above gravity contributions to (g− 2)µ compared to those
coming from the bulk fermion and gauge elds.
As a last possibility we consider the potential contribution of the RS radion[13] to
aµ. The radion is the zero mode remnant scalar resulting from the KK decomposition of
the 5-d graviton eld. It couples diagonally to KK tower members as does the zero mode
graviton and photon. Thus the radion contribution is proportional to m2µ, in analogy to
the Higgs contribution discussed in the previous section, and is not enhanced by heavy loop
fermion masses. Its contribution may then be safely ignored.
4 Numerical Results
We rst consider the bounds obtained on the mass of the lightest gauge boson KK excitation
m1A that result from the current data on aµ. For the moment, we ignore the graviton loop
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Figure 3: Lower bound on the mass of the rst gauge boson KK excitation as a function of
 using the current data on (g − 2)µ.
contributions and follow the analysis as presented in Section 2. We recall that in this case
the gauge boson contribution to aµ is always positive and scales with the mass of the rst
gauge boson excitation mass as (m1A)
−1. The results are presented in Fig. 3 as a function of
the fermion bulk mass parameter . Here we see that for most of the interesting range of 
we obtain bounds that are roughly constant and in excess of 100 TeV, as expected. This is a
result of both the large fermion KK masses in the loop and the rather large magnitudes of the
coupling coecients, CffA0ij , when   −0:3. However, an analysis of these coecients shows
that they rapidly go to zero as the fermion bulk mass parameter decreases below  < −0:3
and the resulting bound thus severely degrades.
In the case of the gravitational contributions, we show their magnitude in Fig. 4 as
a function of c = k=MP l for dierent values of . Here, we assume that the mass of the rst
graviton KK excitation is 100 TeV and that the cuto can be identied with pi. (Recall
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Figure 4: Contribution to aµ as a function of c = k=MP l for a rst graviton excitation
mass of 100 TeV assuming c = pi for various values of . From bottom to top the curves
correspond to  = −0:5; 0; 1; 2, respectively.
that for a given value of  the entire KK spectrum of all elds is set once the mass of any
single KK excitation mass is set. This implies, for example, that a 100 TeV rst graviton
excitation mass corresponds to a rst gauge boson mass of ’ 64 TeV.) For other values of
m1G the curves in the gure scale as 100 TeV=m
1
G. We also nd that varying the cuto by
a factor of two produces a c-dependent shift in the curves. It is clear that if our cut-o
dependent estimate of the gravitational contributions is reliable, then they are smaller in
magnitude and have the same sign as those mediated by gauge bosons. Adding the two
contributions would certainly lead to even stronger bounds than those displayed in Fig. 3.
However, since we are dealing with a cuto non-renormalizable theory, perhaps the most
conservative approach is not to combine these two contributions but merely to quote the
already strong bounds shown in Fig. 3. Using the scaling laws and the results in Figs. 3 and




In this paper, we have examined the contribution of various bulk elds to (g − 2)µ, in the
context of the RS localized gravity model. First, we considered the contribution of bulk
SM gauge and fermion elds, treating the common 5-d masses of the fermions as a free
parameter. We showed that over most of the natural range of this 5-d mass, the mass of the
rst KK gauge excitation and, hence, the scale pi generated on the visible brane exceeds
100 TeV unless the parameter  is smaller than about −0:5.
Next, we considered the contribution of KK gravitons to (g − 2)µ. We used a cuto
scheme to obtain the sign and an estimate of the of the possible magnitude of these gravity
loop eects. It was found that the gravity loop contribution has the same sign as that of the
gauge and fermion elds and, for a cuto c = pi, these eects are typically smaller by a
factor of few and grow with increasing c. Thus, we can conclude that the bounds on pi only
increase once graviton loops are considered. However, since our results are cuto dependent,
to be conservative in quoting bounds, we will ignore the graviton loops and conclude that
(g− 2)µ yields pi > 100 TeV, over most of the natural parameter space of localized gravity
models. This suggests that placing the SM eld content in the 5-d bulk is disfavoured, if the
RS model is to solve the hierarchy problem.
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